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Introduction
Traumatic brain injury (TBI) is well-established as the most prevalent cause of mortality and disability in children and adolescents (National Information Center for Children and Youth with Disabilities; NICHCY, 2004) . TBI is associated with a vast array of cognitive, emotional/behavioral, psychomotor, and psychosocial impairments, with the most consistently impaired cognitive function being memory (Lowther & Mayfield, 2004) . TBI is associated with both focal and diffuse injuries, with ventral and polar frontal and temporal regions particularly vulnerable to contact and acceleration/deceleration forces due to excessive tissue strains against the ridges and confines of the anterior fossa and middle fossa (Levine, Katz, Dade, & Black, 2002) . In addition to well-documented memory deficits secondary to generalized trauma (e.g., axonal shearing in the hippocampal region) in TBI, the hippocampus and associated structures (e.g., entorhinal and perirhinal projections) are also strongly connected with the orbital and ventromedial limbic frontal cortex (Barbas & Blatt, 1995) , which helps explain the particularly pernicious effects of TBI on memory functioning.
The field of memory research with children and adolescents has lagged behind the adult population, and-until relatively recently-the publication of developmentally appropriate measures for the assessment of memory in this population left much to be desired. The Test of Memory and Learning (TOMAL, Reynolds & Bigler, 1994a ) was published to help fill this void, with an age range of 5-19 and excellent psychometric properties, including a large, representative standardization sample. The TOMAL assesses several cognitive functions relevant to memory and learning using a variety of presentation formats in the verbal and visual modalities, and is not a downward extension of existing adult instruments. Administration of the core TOMAL battery yields standard scores for the Composite Memory Index (CMI), Verbal Memory Index (VMI), Nonverbal Memory Index (NMI), and Delayed Recall Index (DRI). A variety of supplemental indices are also available, including Sequential Recall, Free Recall, Associative Recall, Learning, and Attention/Concentration. Since its publication, however, the latent factor structure of the TOMAL has not been confirmed. Evaluation of a test's latent structure is useful in determining whether the test is measuring what it purports to measure and therefore, the appropriateness of the inferences which are drawn from obtained scores (i.e., validity).
As reported in the manual (Reynolds & Bigler, 1994b) , the theorized factor structure of the TOMAL is hierarchical in nature, with a higher order general memory factor informing two first-order factors (Verbal and Nonverbal Memory). The TOMAL authors conducted exploratory factor analysis (EFA, 1994b (EFA, , 1996 on the original standardization sample (N = 1342) that suggested the possibility of a very different factor structure than the originally theorized, published second-order structure. The factor rotation ultimately retained by the authors had a first-order, four-factor structure in which a Complex Memory factor explains most of the available variance, with lesser amounts accounted for by the Sequential Recall, Backwards Recall, and Spatial Memory factors. The factors were named on the basis of the nature of the subtests that clustered together in the authors' EFA. For example, the Complex Memory factor was characterized by a variety of subtests that appear to vary widely in terms of item content, modality of presentation, etc.
The similarity of the theorized TOMAL factor structure to that of the Wechsler series of IQ tests is not accidental and allows for direct comparisons between TOMAL and corresponding Wechsler (IQ) indices (Reynolds & Bigler, 1994b) . For example, the clinician might find it useful to compare a patient's (Wechsler) Verbal IQ and (TOMAL) VMI scores (or, to make Full Scale IQ/CMI or Performance IQ/NMI comparisons, as well). However, the construct validity of "general memory" has yet to be established, even in a nonclinical population. Several investigators (e.g., Burton, Donders, & Mittenberg, 1996; Burton, Mittenberg, Gold, & Drabman, 1999; Gioia, 1991; Phelps, 1995) failed to find support for a general memory factor on the Wide Range Assessment of Memory and Learning (WRAML; Sheslow & Adams, 1990) , even though the authors proposed one. Millis, Malina, Bowers, and Ricker (1999) also failed to find a general memory factor on the Wechsler Memory Scale, 3rd Edition (WMS-III; Wechsler, 1997) . Finally, Cohen (1997) failed to find support for a general memory factor on the Children's Memory Scale. A review of the confirmatory factor analysis (CFA) literature indicates a paucity of studies that have incorporated models with an explicitly hierarchical, higher order structure.
Similarly, the usefulness of the verbal-nonverbal distinction in intelligence testing has not been established (Kamphaus, 1993) ; nor has it been established in the assessment of memory (e.g., Haut, Kuwabara, & Leach, 2000) . Indeed, the TOMAL authors ' (1994b, 1996) EFA of the standardization data did not support its two-factor, "verbal-nonverbal" structure. The authors, commenting on the discrepancy between the hypothesized TOMAL factor structure and their own empirical results, stated:
. . . The verbal-nonverbal memory distinction is more useful clinically and may be viable with clinical populations, especially those with traumatic brain injury . . . When memory function is examined in normal individuals, process appears to be more salient than item content or modality of presentation. It will be extremely useful in the future to conduct large sample factor analyses of a broad based set of memory tasks such as available on the TOMAL using a clearly defined neurologically impaired sample. (pp. 37-38) With two very different factor structures for the TOMAL available, clinicians might wonder what, in fact, the TOMAL measures. The purpose of this study was to address this very question in the context of a clinical population by means of confirmatory factor analysis of the two models described above, and to test the authors' prediction that the second-order (hypothesized) model might find more support in a clinical sample.
Method

Participants
Following institutional board approval for the use of archival data, 140 subjects were selected from a 5-year series of consecutive referrals to a regional pediatric specialty hospital. Criteria for inclusion in the study were the following: (1) diagnosis of TBI; (2) age between 5 and 19 years at the time of assessment to allow applicability of available test norms; (3) absence of reported prior learning disability, substance abuse, neurological, or psychiatric history; (4) absence of known financial compensation seeking related to TBI, or other known factors that could have invalidated test results. Approximately 50% of the subjects had previously been included in earlier research (Lowther & Mayfield, 2004) pertaining to TBI/normal group differences on the TOMAL. That study did not address the construct validity of the TOMAL.
The final sample contained 89 males and 51 females with a mean age of 11.75 years. The median time between injury and evaluation was 8 months. The sample was largely Caucasian (41%), with some African American (19%), Latino (10%), and Asian (<1%), with the remainder in the category "other/nonreported." Most participants had been injured in a motor vehicle accident (n = 76), or as a pedestrian or cyclist who had been struck (n = 31). Other injury circumstances included recreational accidents (n = 17), firearms (n = 6), falls (n = 3), and "other" (n = 7). By definition, all children in the present study had sustained injuries of sufficient severity to result in hospitalization for acute treatment of head and other accident-related injuries.
CFA was used in the current investigation because it allows objective statistical testing of the relative fit of competing theoretical models. With an explicit theory and an empirical base suggesting another theoretical model (as is the case with the TOMAL), CFA is often more appropriate than exploratory factor analysis (Stevens, 2002 ; see also Thompson & Borello, 1992) . Two competing models concerning the constructs that are measured by the TOMAL performance of pediatric patients with TBI were tested for parsimony and model fit. The models were based on those described in the TOMAL technical manual (Reynolds & Bigler, 1994b) and further analysis by the TOMAL authors (Reynolds & Bigler, 1996) . Due to testing protocol at the facility where the data were obtained and model specification restrictions, only 13 subtests were represented in the test of four-factor model, and 10 for the test of the twofactor (hierarchical) model. Furthermore, only models with a minimum of two subtests per factor were considered because latent variables with less than two indicator variables often exhibit problems with identification and convergence (Gorsuch, 1983) . The two models were defined as follows.
Model 1 was a hierarchical model with a second-order, General Memory Factor (GM) defined by two first-order factors, which are Verbal Memory (VM; based on the Memory for Stories, Word Selective Reminding, Object Recall, Digits Forward, and Paired Recall subtests) and Nonverbal Memory (NM; based on the Visual Selective Reminding, Visual Sequential Memory, Facial Memory, Memory for Location, and Abstract Visual Memory subtests). Model 2 was a first-order model positing four factors: Complex Memory (CM; based on the Word Selective Reminding, Paired Recall, Object Recall, Facial Memory, Memory for Stories, and Visual Selective Reminding subtests), Sequential Recall (SR; based on the Letters Forward, Digits Forward, and Visual Sequential Memory subtests), Backward Recall (BR; based on the Letters Backward and Digits Backward subtests), and Spatial Memory (SM; based on the Memory for Location and Abstract Visual Memory subtests).
Procedure
The TOMAL was administered and scored according to standardized procedures as part of comprehensive neuropsychological evaluations in conjunction with patient rehabilitation, when patients were medically stable and had good memory for recent events. Subtest scaled scores (M = 10, S.D. = 3) were used for the statistical analyses. The structural models were specified according to the standards of CFA and SEM (e.g., Bollen, 1989) and were translated into structural equations per the conventions of the LISREL programming language (Jöreskog & Sörbom, 1993) . Maximum likelihood estimation was used. Consistent with the conventions of SEM and CFA (Bollen, 1989 ; see also Brown & Cudeck, 1993) , standards for model acceptability were set, a priori, and included values of ≤.08 for the root mean squared error of approximation (RMSEA), values ≥.60 for the parsimonious normed fit index (PNFI), and values ≥.90 for the comparative fit index (CFI). Additionally, lower values for the ratio of the chi-square to degrees of freedom (χ 2 /d.f.), lower values of Akaike's information criterion (AIC), lower values for the expected cross-validation index (ECVI), and higher levels of the adjusted goodness of fit index (AGFI) were assumed to indicate better model fit (Hatcher, 1994) .
Results
For replication purposes, TOMAL subtest means, standard deviations, and intercorrelations are found in Tables 1 and 2 . Goodness of fit indices for both of the tested models are presented in Table 3 . As inspection of the data indicates, both models met all the a priori criteria set for minimum levels of acceptability (i.e., RMSEA ≤ .08, PNFI ≥ .60, and CFI ≥ .90). The data in Table 3 also indicate that Model 2 provided the best fit to the clinical data. For these reasons, the hierarchical, two-factor model (as originally hypothesized by Reynolds & Bigler, 1994b) was considered to provide the best fit to the obtained clinical data. Table 4 contains the factor loadings for Model 1 (the four-factor model). Four subtests did not reach loadings of at least .60. These were Facial Memory, hypothesized to load on CM; Memory for Stories (also hypothesized to load on CM); Visual Sequential Memory, hypothesized to load on SR; and Memory for Location, hypothesized to load on SM. Composite reliabilities (Hatcher, 1994) . 
Post hoc analyses
In an effort to determine the underlying structure of the TOMAL, post hoc analyses were undertaken with the explicit understanding that any further results are exploratory in na- Table 7 ) between the Sequential Recall (SR; based on the Letters Forward, Digits Forward, and Visual Sequential Memory subtests) and Backward Recall (BR; based on the Letters Backward and Digits Backward subtests) factors. This suggests the possibility that these two factors provide a redundant measure of the same construct. A maximum of one parameter (subtest) per model was allowed to load freely on a factor (composite). For Model 1, the Visual Sequential Memory subtest loaded on the Complex Memory factor (instead of the Sequential Memory factor). The substantive rationale for this change involved the a priori assumption that the TOMAL is characterized by a robust Complex Memory factor that cuts across modality of presentation and item content. This change improved overall model fit significantly [χ 2 (1) = 25.19, P < .001]. All fit statistics changed in the direction consistent with model improvement, as follows:
2 (58) = 67.45, P = .19; RMSEA decreased from .063 to .029; CFI increased from .97 to .99; and AGFI increased from .85 to .89. For Model 2, the Memory for Location (ML) subtest was associated with a large standardized residual and modification index for both the initial problem run and following respecification. For both runs, ML demonstrated correlated errors with two separate variables, suggesting that ML provides a redundant measure of a construct that is adequately measured by other subtests. Consequently, further interpretation was not undertaken.
Discussion
This investigation was conducted to determine the best fitting model for the latent factor structure of the TOMAL in a sample of children and adolescents with TBI and to illuminate the construct(s) measured by the TOMAL in the TBI population. The two models tested included a hierarchical, two-factor model originally hypothesized by the test authors (1994b) and a fourfactor model that resulted from the test authors ' EFA (1994b ' EFA ( , 1996 . Interestingly, both models tested exceeded minimum standards of model fit as identified in a review of the SEM and CFA literature. However, the hierarchical, two-factor model demonstrated a somewhat better overall fit to the obtained clinical data than did the four-factor model. These results provide support for a construct of "general memory," which has been hypothesized (e.g., Sheslow & Adams, 1990) but not confirmed (e.g., Burton et al., 1999; Gioia, 1991) . Perhaps the most support for a general memory construct comes from the present finding of the high shared variance (SMC = .61) between the Verbal and Nonverbal Memory factors (in the second-order, two-factor model). This suggests that, to a substantial degree, the Verbal and Nonverbal Memory factors measure the same underlying construct.
The fact that both models tested for the present study exceeded minimum standards for acceptability of fit merits discussion. The models were quite different structurally and in terms of clinical meaningfulness. Bollen (1989) posits an "equivalent models" scenario in which many theoretically possible models exist simultaneously that fit the data equally well, yet are very different substantively and structurally. Although the overall fit statistics were somewhat better for the hierarchical, two-factor model than for the four-factor model, the reverse was generally true for the factor loadings and composite reliabilities. It follows, then, that the two-factor model's advantage over the four-factor model (in terms of fit statistics) is derived from its hierarchical structure. Indeed, Gerbing and Anderson (1984) stated that the failure of investigators to incorporate a hierarchical structure (where one exists in the population) is a common reason for poor fitting models in CFA and SEM.
Present results suggest that latent structure of the TOMAL is characterized by a secondorder structure. As discussed earlier, the uniformly better fit of Model 2 was very likely due to its hierarchical structure. The first and largest factor appears to be a robust measure of disparate modality and processing tasks, and is therefore named "Complex Memory." However, the high shared variance between the Verbal and Nonverbal factors (SMC = .61) for Model 2 suggests that the two factors measure many of the same TOMAL performance domains, thus calling into question the utility of the distinction between the Verbal and Nonverbal factors. It would therefore appear that the second-order factor ("Complex Memory") is a direct measure of many of those domains (subtests).
The second factor is comprised, primarily, of the four Letters/Digits Forward/Backward subtests, which have in common that they are classic "span" tests, sequential in nature, and appear to require sustained (auditory) attention for successful performance. While several investigators have conceptualized the "forward" and "backward" tasks as tapping separate cognitive domains (Hale, Hoeppner, & Fiorello, 2002 ; see also Ramsay & Reynolds, 1995) , those studies focused on the nonclinical population. In the TBI population, it is supposed that the two sequential processes (forward and backward spans) show a greater degree of intercorrelation (than in the normal population) because the cognitive processes that underlie both-including attention-are impaired. This view is consistent with the notion that attentional processes are the building blocks from which other abilities develop (Anderson & Pentland, 1998; Kaufmann, Fletcher, Levin, & Ewing-Cobbs, 1993) . Deficits in memory and attention following TBI are some of the best documented and consistent findings in the literature pertaining to the cognitive functioning of the brain-injured population (Yeates, 2000) . This factor (Digits/Letters Forward/Backward), then, is named "Sustained Attention," and would appear to be of the first order. Sustained Attention would appear to load on the General, or Complex Memory factor (itself, of the second order). The proposed factor structure of the TOMAL is depicted in Figure 1 .
Potential limitations of the present study must be addressed. Only the 13 TOMAL subtests routinely administered by the facility where this study was pursued were represented (the Manual Imitation subtest was not represented). Further, only 10 TOMAL subtests were represented in the hierarchical, two-factor model because Reynolds and Bigler's original theory posits only five subtests loading on a Verbal Memory factor and five on a Nonverbal Memory factor. The Fig. 1 . Proposed factor structure of the TOMAL showing a large, second-order "complex" memory factor and a smaller, "sustained attention" factor. sample size of this study (n = 140) exceeds the minimum recommendations of many experts in the field (e.g., Lawley & Maxwell, 1971; Tabachnick & Fidell, 1996) , but does not meet the standards of the most conservative writers (e.g., Gorsuch, 1983) . Unfortunately, ethnicity for 30% of the sample was unavailable in clinic records, which can affect the external validity of the findings. While none of the participants or their families was known to be seeking financial compensation (associated with injury), no objective measures were administered to control for this possible bias. Also, medical charts and reports were not examined for this study, so GCS and/or other indices of TBI severity were not available. In a similar vein, although neuroimaging is routinely performed during the acute treatment phase of hospitalization, MRI and CT scan results were not available. The effect of his limitation is thought to be minimized by the fact that this study did not examine memory function in relation to injury site or severity.
A potential limitation in the minds of some readers might involve the possibility that the complex, or general, memory factor described herein is actually an attentional factor. This question is an important one for both research and clinical neuropsychologists. In support of the claim that the "Complex Memory" and "Sustained Attention" factors represent discrete constructs, it is noted that the four TOMAL subtests that are subsumed under the "Sustained Attention" factor (Letters Forward, Digits Forward, Letters Backward, and Digits Backward) held together quite well and are both statistically and substantively distinct from the larger, "Complex Memory" factor. Because of the "Digit Span" nature of these subtests, they are considered measures of both immediate memory span and attention/concentration. Indeed, Haut, Haut, and Franzen (1992, as cited in Burton et al., 1999) found that the classic "Digit Span" type tasks demonstrated strong correlations with commonly accepted measures of attention. Baddeley (1993) used the term "working attention" to describe the presumptive cognitive process involved in such tasks, which acknowledges an immediate ("working") memory aspect but nonetheless emphasizes their attentional nature.
Support for a construct of general memory should be considered tentative at this time. Merely because the present results appear to support the construct of general memory is insufficient reason to conclude one exists in the nonclinical population. Reduction of variance is a commonly associated feature of homogeneous samples, thus allowing more clarity in the detection and interpretation of factors (constructs). As predicted by Reynolds and Bigler (1994b) , the factor structure of the TOMAL did comport more closely with its hypothesized (second-order) structure in a clinical population consisting of TBI children and adolescents. The present results do not provide support for the utility of the verbal-nonverbal memory distinction in a clinical sample, but appear to provide support for the notion of a general memory construct (in a clinical sample). Interestingly, the failure of other investigators to find a general memory factor could be associated with the choice not to incorporate a secondorder structure into tested models, where one might exist in the population. As Gerbing and Anderson (1984) caution, this can lead to poor measures of fit in CFA.
In conclusion, the results from our investigation provide empirical support for interpretation (in a clinical sample) of the TOMAL as having a second-order structure with a robust Complex Memory factor. These results would appear to provide support for a construct of "general memory," which has been hypothesized but not shown to exist. Additionally, the present results would appear to lend support for interpretation of a Sustained Attention factor defined by the four Digits/Letters Forward/Backward subtests. That these subtests grouped together in a clinical sample provides further support for the notion that deficits in "master" cognitive processes, such as attention, are hallmarks of TBI in children and adolescents. It would be helpful if future investigators of the factor structure of the TOMAL explicitly tested the proposed structure (see Fig. 1 ), versus the two-and four-factor models, in either a clinical or nonclinical sample.
